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[57] ABSTRACT 
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the peripheral, with the peripheral repeater receiving 
messages from the peripheral and retransmitting them 
to the host and receiving messages from the host and 
retransmitting the messages to the peripheral when a 
change in baud rate is desired, a message is sent from the 
host to the peripheral, through said peripheral repeater 
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host to the peripheral repeater to change the baud rate 
of the transmitter/receiver and the baud rate of the 
peripheral which was set is maintained in a table in the 
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METHOD FOR CONTROLLING THE VARIABLE C^ff^tt^ * C0 ™ nXi °? * S f 2 ~ 

BAUD RATE OF PFRTPHFR ai npvirirc Kb-4Z3 connection, from seven peripheral chan- 

RATE ° F PERIPHERAL DEV, CES nels, which are then a packetized and sent to a host, e.g. 

This application is a continuation of application Ser. 5 l^T, ^/or graphics control processor, using 

No. 085,084, filed Aug. 13. 1987, now abandoned. f L , *? Transmisslons to the peripherals arc 

handled in a like manner from the host, i.e., receiving 

RELATED APPLICATIONS packets from the host, unpacking the data and channel- 

This application is related to the following applica- mg data to M appropriate peripheral serial line unit 

tions filed on even date herewith, the disclosure of 10 ( SLU )- 

which is hereby incorporated by reference. These appli- ^ c peripheral repeater box of the present invention 

cations contain, at least in pan, common disclosure « particularly suited for use in a graphics system of the 

regarding an embodiment of a peripheral repeater box. type disclosed in copending applications Ser. Nos. 

Each, however, contains claims to a different invention. 084,930 and 085,081, entitled Console Emulation For A 

Z No (SCr ' N0 ' ° 85,097) n ° W U S ' 15 ° raphiCS Works **>" High Performance Graphics 

D C Power Monitor m„ na< no<, 1 1 c Work$tation . ««l on even date herewith, the disclosure 

Pat No 4 797 «8 ' ' ^ US> ° f Which * hcrcb y by reference. 

Tri-State Function Indicator (Ser. No. 084,845) now ^t^T^u^ PR ^ hoSt 

U.S. Pat. No. 4,837,565 2 0 V ^ wth * novcl P^ocol, which provides 

System of permitting Peripheral Interchangeably ! r ff U ^ C 5 ,or frcc transmi «i n n- 

(Ser. No. 085,105) now U.S. Pat. No. 4,862.355 . . x of P rc «nt invention permits inter- 
Communications Protocol (Ser. No. 085,096) now changeability of the different peripherals. In other 
U.S. Pat. No. 4,860,292 words, peripherals with the same type plug can be 
Method of Packetizing Data (Ser. No. 085,098) now 25 P Iu 88*l ^to any of the peripherals ports and it is not 
U.S. Pat No. 5,123,091 necessary to ensure that a particular peripheral is 

BACKGROUND OF THE INVENTION S^JT* °* P ° WCMIp " ch 

~ . . , time a peripheral is plugged in or removed, the host 

I his invention relates to computer systems in general checks the peripherals to determine what type of device 
and more particularly, to a method of changing baud 30 it is and keeps track of that information 

whfch^^ fCpCatCr $° x t0 In with the present invention the ability 

which a plurality of peripherals can be connected. to change baud rates for those devices which simnon 

In large computer systems, and particularly in svs- Hita.wmfk-.^ 77 ° CVICCS wnicn su PPort 

terns which provide graphics displays, a Salky of ™™ ^JT " » TOyi *f F ln ><*o«™' with the 

different types of peripheral device^ for prodding input 35 bluT'L^ ° f Wmma ^ from *" h °« "> change 

to the computer system are provided. For example a T automatIcal, y rcscts bwd rate of the 

single system may have as inputs a keyboard a mouse w«> w/transnutter in the peripheral box for the partic- 

a tablet, a light pen, dial boxes, switch boxes and so v" ^f^ 1 and mother command sets the baud rate of 

forth. In a system with a plurality of such peripherals it penpheral itself. First, a message is sent through the 

is advantageous to have a device which can collect 40 PR *° x 10 the P cri P hcraJ Then a command is sent to the 

inputs from each of these peripherals and then retrans- PR box 10 chan 6C the baud rate of a UART (Universal 

mit the various inputs over a single line to the computer Asynchronous Receiver/Transmitter) associated with 

system. Such a device is referred to herein as a periph- peripheral, 

eral repeater box in that it acts as a repeater for each of DDIPC 

the individual peripherals. 45 BRIEF DESCRIPTION OF THE DRAWINGS 

Very often, different peripherals have the same type FIG. I is a block diagram of a computer system in 

of plug. In typical systems of the prior art there is a which the PR box of the present invention may be used 

requirement that each peripheral be plugged into a FIG. 2 is a basic block diagram of the PR box of the 

specific ^connection. If by mistake two different periph- present invention. 

erals which have the same type of plug are mixed up, 50 FIGS. 3A, 3B, 3C are a flow diagram of the firmware 

nected. P 55 ? ucucs circular buffers according to the present 

Various peripherals are capable of operating at differ- ™na°* • w . w . 
ent baud rates. It is sometimes necessary to change baud * . 5 * a Ub,e tobulatln g default baud rates for 
rates. In systems using a peripheral repeater box, reset- different peripherals used in the preferred embodi- 

ting of baud rates must be done both in the peripheral mem of lhe P rcscnt invention. 

and the peripheral repeater box. There is thus, a need to 60 FIG * 6 a ft ublc showing the character times associ- 
provide a system in which baud rates can be set, such ated w*" cacn rate for use in interpacket timing 
baud rates being automatically set both in the peripheral according to the present invention, 
itself and in the peripheral repeater box. FIG. 7A, 7B, 7C are a flow diagram illustrating the 

SUMMARY OF THE INVENTION 'T* for interpacket timing. 

D • . , n t ^ 65 rio. a is a diagram showing the configuration of the 

The Peripheral Repeater box (PR Box) of the present header byte field utilized with the present invention 

ZS^'f d t0 ^ 0W >i hC pcrf P herals to RGS 9A ' * B > K « diagrams showing the mSage 
be powered at the Momtor site. Tne PR box collects the transmission protocol of the present invention. 
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DETAILED DESCRIPTION tion re « ister 59 which provides its output to a tricolor 

e _ " ' ~" LED 61 to be described in more detail below. Also 

System Overview shown in Fia 2 is the power monitor ^ which 

FIG. 1 is a block diagram of a computer system provides its output to a bicolor LED 64 to indicate 

showing where the peripheral repeater box of the pres- 5 und « r or over voltage conditions as explained in detail 

ent invention fits into the system. The illustrated system below. 

is a graphics system. However, the present invention is Bus 47 also connects to Serial Line Units (SLU) 0-7 

applicable to other computer systems. Thus, there is along with a modem control contained in block 62. 

illustrated a monitor 11 which receives video input Block 62 is what is known as an octal asynchronous 

from a RGB coax 13 which is coupled to computing 10 receiver/transmitter or OCTALART. Such a device is 

apparatus 14 which docs the graphic computations. manufactured by Digital Equipment Corporation of 

Included in apparatus 14, as illustrated, is a graphics Maynard, Mass. as a DC 349. Basically, the OC- 

engine or graphics processor 15. a main computer 17, TALART comprises eight identical communication 

e g a Vax 8250 system and a computer 19 acting as a channels (eight UARTS, in effect) and two registers 

£™l PrC ^J' ^ I* *^ ]cr ° vax ^puter. »5 which ovide summary infonnation 0D thc ^laiye 

^n Z n^T^^^t and ^ mp ^ er 19 * modem «> n trol signals and the interrupting channel 

host to the PR box 21 described below. Thus, hereinaf- definition for interrupts. Serial line units Vi are cou- 

and 085,081, entitled Console Emulation For A Graph- uT ^ thr ° Ugh tx V acmym the out P uts 

ics Workstation now U.S. Pat. No. 4,903,218 ndZfi, ? T ^ c<mnectcd t0 a distribution panel 71 

Performance Graphics Workstation, now U.S. Pat. No 2? rflS m phwd ' Bl0Ck 

5.155,822 filed on even date herewith. The peripheral , 36 ^ 0peratin * ° ffa 
repeater box 21 is illustrated in FIG. 1 alonrwith the 23 wpolax suppty of +/-12 volts which translate the 

various peripherals which may be plugged into it These !f , m TTL ,cvel$ 10 a bi P° lar RS-232-C compati- 

include a keyboard 23, a mouse 25, a tablet 27, knobs 29 Slgnal lcvcl of approximately +/- 10 volts, 

i.e. a dial box, buttons 31, a spare RS232 channel 33 and The host channel ( SLU V* keyboard channel and 

a spare keyboard input 35. s P arc channel do not have device detection capability. 

The peripheral repeater box is a self-contained micro* 30 The other five channels have an input line that is con- 
processor system which, in the illustrated embodiment nec ted to the DCD (Data Carrier Detect) pin of the 
is located underneath the monitor. It is responsible for corresponding SLU of the OCTALART 62. When the 
handling information flowing between the host and pin at thc chann «l connector side is grounded the input 
peripheral devices. This is a free running sub-system "deof the OCTALART is high indicating that a device 
that performs a self-check of its own internal status at 35 is Present on that channel. 

power up. After completing this task it initializes itself A ***** xX change summary register in block 62 will 

and continuously scans for activity from the host or cause «» interrupt if the status of one of these pins 

peripherals. changes, i.e. high to low, or low to high level change. 

Four peripheral channels (for keyboard 23, mouse 25, This indicates a device being added or removed after 
tablet 27 and knobs 29) and one command channel (for 40 tne system has entered operating mode. On power up 

communications with the host) are provided to connect the 803 1 reads this register to determine which devices 

all the supported peripherals. In addition three spare that h * v e this capability are connected and enter this 

channels for future expansion or special peripherals, e.g. information into a configuration byte (a storage area in 

the spare keyboard 35, button box 31, and spare 33 of software) and is sent to the host as part of the self test 
FIG. 1 have been provided. 45 report. This capability permits knowing which pcriph- 

ine sub-system is composed of a minimal system as crals are connected to which ports and thus allows 

shown in FIG. 2. Thus, there is illustrated an 8031 mi- interchangeability of peripherals. The PR box, each 

croprocessor CPU 41 which, in conventional fashion, time a peripheral is plugged in or unplugged sends a 

has associated with it a clock/reset unit 43 with a 12 message to the host allowing it to interrogate a periDh- 
mHz cyrstal oscillator. Coupled to the 8031 CPU is a 50 era* and update a table which it maintains 

conventional control decode block 45 which couples In the free running operational mode the PR box 

*l ; J° L a . , 47 ' Bus 47 cobles thc CPU to mem- accepts data packets from the host through SLU 7 and 

*? £ W ^ ? dudcS ,6K 0f RAM 51 md 8K of ROM vcrifics ***** °f data. If the data is good then 

53. The 803 1 has no on chip ROM and insufficient on the PR box sends an ACK to the host, strips out the data 
chip > RAM. For this reason, the 8031 is used in an ex- 53 or command from the packet and channels it to the 

panded bus configuration utilizing three of the four designated peripheral through its associated SLU If the 

available general purpose ports for address, data and data is bad. i.e. checksum error, the PR box sends a 

£2?" ^ T ^° Ugh W0Ck 45 10 bus 47 ' NACK * host *> request a re-transm^io^ld 

^ilfhnc L C * c ^ addressm * capability for the ex- throws away the packet it had received. Toese commu- 
panded bus configuration is accomplished by grounding 60 ideations are described in detail below in connection 

(through a jumper) the EA, external access, pin. with FIGS. 3C through 9C 

oJZZul ^aV ^ ErC multi P ,Med on "H* p * *>* can also receive commands to test itself 

^4?£'7 ^^ tt K^^ d ^ addrett timC ™ th *** rcp0rt ^/configuration to change the 2£2- 

lJ/w„Vw W atCl ! T £f ALE (addrCSS tic LEDs «* t0 change baud rates while* operational 

latch enable) signal output from the 8031. 65 mode. «pw»uonaj 

Bus 47 is also connected to a diagnostic register 55. SelMest mode verifies the integrity of the micro- 
Diagnostic register provides an output to a display 57 processor sub-system. After tennination of thVin^n!l 
compnsing 8 LEDs. Also coupled to bus 47 is a func- loopback of the ToCTALART^e system X 
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initialize itself and return to operational mode. Self-test comparator, scale the test voltage down to the same 
is entered on power-up or by receipt of an executed range as the reference input, 
self-test command from the host. This will check the 

functionality of the PR box logic. THE FUNCTION MONITOR 

An internal loopback sub-test is provided in the self- 5 As shown in FIG. 2, a tristate LED 61 is connected to 
test, allowing the system to verify the integrity of the the output of two bit function register $9 This is used to 
PR box logic under software control. While the self test give visual indication of what mode or function the PR 
is in operation there is no logical connection between box is performing at that lime, 
the host and the PR box. This is true only during self- 
test There is no effect on the peripherals when the PR 10 — ■ 

box is running the internal loopback portion of self-test led Indication Description 

because no data is output at the transmit pins of the Yellow s*if-t«t mode being executed 

UART lines in OCTALART 67. Additionally data Red Mw«cturing test being performed 

coming in from the peripherals will have no effect on — — Operational mode active 

the PR box during loopback test since all data at the 15 

UART receive pins of OCTALART 67 is ignored. PR BOX OPFR ATinKI nVFP VTCU/ 

External loopback testing may be performed on an ° X OPERATION OVERVIEW 

individual peripheral channel using the appropriate The PR do* ROM S3 contains self-test and opera- 
loopback on the channel to be tested. This is done from tional firmware. This firmware is contained in 4K bytes 
the host firmware. The peripheral repeater is transpar- 20 of ROM » though there is SIC bytes reserved for it. A 
ent from this operation. This is the testing, explained flow d^am for the firmware is set out in FIGS, 
further below, which allows peripheral interchangeabil- *A-C. 

il y ^ On power-up indicated by block 301, the on board 

A manufacturing test mode is provided by a jumper diagnostics will have control of the PR box as indicated 
in the host channel loopback connector. This jumper is 25 m Wock 303 The diagnostics will perform tests on the 
sensed on an 803 1 on the power-up. In this mode the P * and do an external loopback and test if pin 

module runs all tests (as in self-test) on all channels and 7 OD 803 1 P° rt 1 » grounded (signifying manufacture 
a device present test, and an external peripheral channel m S mode). In manufacturing mode the diagnostics will 
loopback test, continually. Loop on error functionality ,0 °P forever ,00 P 305 and not go into operational 
has been implemented to aid in repair. 30 mode. This is done via detection of the loopback con- 

The eight bit diagnostic register 55 with eight LEDs nec f° r (P»n 7) on power up. If an error is encountered 
57 attached provides the PR box status and some system during manufacturing mode, the diagnostics will loop 
status, (assuming some basic functionality of the main f o«ver on tnc test !ha| CTCOimterac | the error 
system). This register is used by the PR box to indicate Registers 55 and 59 with LEDs 57 and 61 (see FIG. 2) 
its dynamic status during self-test or manufacturing test, 35 attach ^d can be viewed from the outside of the system 
to indicate, on entry to operational mode, any soft or ^fcmostic register 55 as noted above is 8 bits wide 

hard error that may have occurred. The MSB, (bit 7) is with Red LEE)s - These LEDs report errors for the PR 
used to indicate that a PR box error has occurred, bit 6 **** and/or thc sv «em. As also described, the function 
is used to indicate that a system error is displayed. If bit rc S*ter & & two bits wide with a single red/yellow/- 
6 is lit then the error code displayed is the system error 40 LED * Whcn m manufacturing mode, the function 
regardless of bit 7. This leaves 6 bits for providing en- * red 38 "Seated in block 303. On power-up, 

coded error responses. (The LED Error Codes are othcr than manufacturing mode, the function 

listed below.) LED will be yellow. In operational mode it will be 

green. 

THE POWER MONITOR CIRCUIT 45 The vinous tests performed on power up are indi- 

The circuitry 63 to monitor the plus and minus 12 v by Wocks 307-314 If in manufacturing mode, as 

supplies operates from the +5 v. supply. A single red/- chec * ecl m M<** 3 « of FIG. 3B, the test of blocks 316 
green tricolor led 64 is connected to the output of the , 3 " Panned before entering block 318 to 

power monitor circuit 63. The output indicators areas ^ ,f 305 , „ 

follows: 50 «. on power up, the PR box has an error that will 

make the PR system unusable, i.e. interrupt, 8031 errors 

, crw .. *** function LED will stay yellow, an attempt to nut 

LEDIodlc °"°" terror code in the diagnostic register will be mad"! 

Green ah voiuget promt ud within range 8110 PR box will not go into operational mode 

Either piut. minm or both 12 volt luppb* ut 51 If there are no errors or errors that will not make the 
SSptaSr y tely "* ° U ' ° f ,pec w droppe,, 0UI system unuseabIe . «>d the system is not in maaufactur- 

None + 5v . upply . til , w l y voltigo dropped out Sk'Slt^ a" ^ * * WOCk 401 ° f 

or do AC FIG. 3C and the function LED will turn green and wait 

" ~ f ° r S. e , host to ACK/NACK. the diagnostic report to 

The DC power monitor is a set of four comparators ton^is ^L™^^ ^ ""1^/* ^ W 
to check undervoltage and overvoltage out of ran£ Ked fSST'Tt ~ N ° h °" 
approximately 15% a, nominal for the plus and nunus ™ ESS^ TSfff « ^ PR Wfll 

rests.or d.vders connected to the other input of each ever, any LBmSS£ ™ y tSSSK^ 
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a dead system, i.e. 803 1 failures, the PR box will attempt 
to go operational mode, displaying , if possible, the 
point at which it failed the self-test, (test number). 

After the power-up diagnostics have been completed, 
control is passed to the operational firmware. In this 
mode, the firmware will keep the link between the host 
and the PR box active, and mux/demux commands/- 
data between the peripherals and the host. This opera- 
tion is described in detail below. 

The diagnostics/operating system are ROM based 
and run out of the 8031 microprocessor. The PR box 
firmware is compatible with the existing peripherals, 
and adheres to a communications protocol developed 
for the host PR box ink discussed below. 

The diagnostics are the first part of the firmware to 
run on power-up of the PR box. The diagnostics leave 
the system in a known state before passing control to 
the operating firmware. Upon completion of testing the 
PR box, the system RAM 51 is initialized, queues arc 
cleared, the UARTs in OCTAL ART 67 are set to the 
default speeds and data formats, the diagnostic and 
mode registers 55 and 57 are set with the appropriate 
values, and a system status area is set up that contains 
the status of the PR box. 

Once the diagnostics are complete, the diagnostic 
report is sent to the host, and the PR box goes into 
operational mode. If there arc no other messages to 
send, the PR box will wait 10 seconds for an ACK- 
/NACK before placing an error code for "No commu- 
nication link" into the diagnostic register 55. An ACK- 
/NACK timer is provided for all other packets and 
times out at 20 mSec. Once operational, the UARTS are 
enabled to allow communications between the periph- 
erals and the host. A keep-alive timer is also enabled in 35 
order to keep the host link active. 

OPERATIONAL MODE 
In this mode, the PR box 21 is the central communi- 
cations device sitting between the peripherals and the 40 
host 19. (Refer to FIG. 1 block diagram). Before detail- 
ing this mode, some basic terminology and memory 
allocation utilized on the PR box must be discussed. 

A page of memory is 256 bytes in length. The low 
order address of the beginning page of memory is zero, 45 
the upper byte is from 0 to 255. In this description, the 
term "port" is used interchangeably with "channel" and 
refers to the peripheral port. 
The 8031 has 128 bytes of on-chip RAM. Of the 128 



8 
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cmd que 8 



The receive and transmit queues are maintained in 
off-chip RAM. Each queue entry is an address of the 
buffer received, or the buffer ready to be transmitted. 
Each entry is a word in length, a word being 16 bits. 
The first byte is the low order address, and the second 
byte is the high order address. No buffers are moved, 
only buffer addresses. Listed below are the names as- 
signed to critical memory locations. 



RX_i_QUE 
TX-i-QUE 
CHi_BUFFER 

RX — BUFFERS 



25 TX_ BUFFERS 
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TX_S!ZE_TBL 

RX_TlME_OUT 

PORT_TlME_OUT 

KA_TIMER 



ACK_NACK_TIMER 



Where i<=0 to 7, tod tbe CMD que-] 
page (236 byte*-] 28 msg ptrs) 
Where i«0 to 7, nod tbe CMD que-] 
page (256 byte*-] 28 msg ptrs) 
Where i ~0 to 7. Buffer space for each 
port. Pom 0 to 7 are the following sizes 
IK. 2K, 2K, 1.5K, |K, f K, |K, 2.75K 
respectively. 

16 byte* (8 add re*se», one for each 
SLU, there is no buffer associated with 
the command queue) - Contains the next 
free byte in each ports buffer. 
16 bytes (8 addresses, one for each 
SLU, there is no buffer associated with 
the command queue) - Contain* tbe next 
byte to transmit for each port. 
(Transmitter interrupt sets this up) 
Number of bytes left to transmit for 
each channel. (8 locations) 
Timer bytes for each receiver channel. 
For inler -character timing. (8 locations) 
Timers for each channel. Set to 10m$ 
when a queue is overflowed. (Pon is 
turned off for lOmS) (8 locations) 
Keep alive timer. A 10 second timer 
which is reset to 10 whenever a packet 
is seni to the host If tbe timer times 
out. a keep alive packet is sent to the 
host. 

Timer set to 20m S after the checksum 
on » packet is sent to the host. (Trie 
timer ii cleared if it receives an ACK 
or s N ACK in this time period. If an 
ACK/NACK is not received, an error 
LED u set on the PR Box ) 



The method by which all pointers, queues, buffers, 
and tables arc accessed is by getting the base address (or 
base page), and adding in the current channel number 
(or a multiple of the channel number). For example, to 



bytes, 36 are utilized for from, rear, receive and transmit 50 accc8s channel 3 queue, the base page of the receive 
queue pointers. There is a front and rear queue pointer <J**cues are taken. The upper address e.g. BASR_Ri- 
for each receive and transmit queue. Receive and trans- —PAGE, which is the base for all front queues is taken 
mit queues are allocated for each SLU port and the ***** tnc channel number is added to it (3 in this case), 
command queue to the PR box. There are eight ports i* done, the value pointed to by FRONT— RX 

and one command channel, thus, there are 18 queues 55 QUE-PTR plus the offset of 3 is used as the lower 
and 36 pointers. Listed below are the names given to the address for the front pointer of channel 3. The channel 
respective queue pointers. number is obtained easily by reading it from a register in 

the OCTALART which, while in an OCTALART 
interrupt, stores the number of the channel causing an 
interrupt. Thus, for cxmaple, if data comes in from 
channel 3, it causes an OCTALART interrupt The 
channel (3) is stored in an OCTALART register. The 
PR box reads this register and add its value (3) to the 
base values and this way quickly and easily obtains the 
necessary addresses for the pointers etc. for channel 3. 
Thus, all the queues, buffers, etc. can be treated geneti- 
cally by common subroutines, and interrupt routines, 
with the exception of Channel 7, which is treated 



REAR_RX_QUE_PTR 
FRONT_RX_QUE_PTR 
REAR_TX_QUE_PTR 
FRONT_TX_QUE_PTR 



A table containing the rear receive 
queue pointers for ports 0-7, A the 
cmd que 8 

A table containing the front receive 
queue pointers for ports 0-7, A the 
cmd que B 

A table containing tbe rear transit 
queue pointers for ports 0-7, ft the 
cmd que 8 

A table containing the front transit 
queue pointers for pons 0-7, A the 
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the P2 register of the 8031. The front/rear receiver/- FIG. 4B depicts what occurs after th.- r.~, «~i„. 

tr^s™, queue powers are loaded directly into register intern.pt on chCc.T^u" Add ^^Sln 

R0 or Rl of the 8031 which can be used for external the manner described above bv Bd6h..iZ? 

accesses. Since the pointers are I byte, (R0/R1) when number (2). th^ba« addresses A 3S^lS?S 
they are mcremented (by 2) from FE hex they wUI lo which i> ihk exam^l ™ ^The S« 

££?KJ£ **! t0 h °- f = bex+2-100 but 416 address is moved k to The IlT^^Se 

smce it is a byte value the 1 is tossed away.) No data packet is loaded into Charmed jXHlValon* 

queue wa.ting to be moved to the host transmit queue. packets^owed J ^cribS M^ ^Ta ^ ° f 

baud rate if necessary. J 5 t0 the ch "?«" ««■» » re-started. This sequence of events 

The main routine which the PR box runs is the back- * tavTEe^mSS^ 

ground process noted above. FIG 3C is a flowchart *n ~„m!-? A f e amplified to show only one 

which de*ribes the background pVocS. Fi^st tn b,S £ £ve " 'T V"^' 

401, on entering this part of the firmware the ? V /. 0,ul ? p,e entnes and each P° rt n»y be recei- 
register output is turJed to grcn nC "° n Packets concurrently. Having a trans- 

Then, as shown by block 403 tiiis process scans the IK t !ST* 8 buffer Bnd »®°c»««i 

re* ve and transmit'queues to see if ^ Wy U ^ SraSn^r^ *™* " "* te 

tS^JEZSSgS aKKSLSfi F, ° f *™ — ^aracter timer 

action must be taken. The value 1 u«*t in ZwT .J 10n * FE Hex+2=00). This brings the rear pointer 
ground routine U^f course! Ae chaL^umbS MSl so f M ,° f ** qUe . Ue ,huS demonstrating the 
case, i is added to thVbale vdu«T« ?T??J T ° f OTCU,ar qUCUCS m PR b°* « » result of 

addresses for d£&££ZS Sr ^^ ^ P ™ y « ° f *• « "*» «MU 

illustrate the use of cbxular queues SSdSA£ « wt? L * r ° UUneS - Therc 

according to ike prese.tTvS F^.^XS" " 2^°^,^ SttS? lf° S 
state the queues and bulTers are in mitially before a ^nte™?,^ a 5 dato P ackets » be sent from the 
packet is received. Illustrated is the queue 4 0 for chin SSS^ ^ ^ P8CketS "* con5idered 

nel 2; the channel 2 buffer 415 and a Uble 417 wnuSt SerL ^.u"^ ° f f biters received for that 
pointers for the next available memory ESSES 60 Xh is six^vS ^ i r n r mUm ^ ^ 8U ° Wed ' 
of the receive channels Rx0-Rx7 and tranaJlchLmek cSrl^V, ' ^ * T? M ° f *' iWcr - 
Tx0-Tx7. As noted previously, data is not movedTom Sbtor^SL h £Z F « ^P 1 '. *e 

bufTer to buffer, only the addresses are moved from ?! IT^V^. te 5 bytes so after the fifth byte it will 
queue to queue. Thus" for <£2u bSfflS^LSS %\? mph "! ^ 1 „ nt "- h <™' 

the data and i, is also from this buffer that SaJES 63 pT^t^KfTn^ ,W ° ^ 
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to the baud rate. There is a timer location for each destination is for port 7 (i.e., a command to the PR Box) 
channel. Table of FIG. 6 contains a list of the timer then this is pushed onto the command queue 
values used for the different baud rates. The timer val- The first character received on port 7 must be an 
ues are decremented in a timer 0 interrupt routine, de- ACK, NACK, or an SOR If it is an SOH t the PR Box 
scribed in detail below in connection with FIG. 7, For 5 will expect to receive a packet. All following characters 
example, consider the case where the tablet sends a are stored in the channel 7 buffer. After the last data 
report which is 5 bytes long at 4800 baud. At 4800 baud character is read, the received checksum is compared 
and 1 1 bits per character, it will take approximately 2.3 with the calculated checksum. If they are equal, an 
msecs per character for transmission. Then in the case ACK is sent to the host, and the rear pointer for channel 
of this report being sent, the timer would expire after 10 7 is bumped by 2. If the checksum does not match, or 
about 5 msec and the buffer would be marked as com- the inter-character timer expires (10 msec for the host), 
P lcte - , a NACK is sent to the host, and the rear pointer for 

As disclosed above in connection with FIG. 4B, channel 7 is not incremented (The PR Box ignores the 
when the first character is received on ports 0-6 (pe- data 't stored). 

ripheral ports), the address of the first free space in that 15 One* an entry is pushed onto a transmit queue for 
ports' buffer 415 is stored in the queue 410. The current P° m and it is not empty, the transmitter interrupt is 
port number is stored in that location at 418. The next turned on for this channel, if it is not already on. 
buffer location 419 is the size, and will be initialized to A transmit interrupt on ports 0-4 will take the ad- 
I. Finally, the character which was read in e.g. A, is dre$s at ith transmitter queue front pointer for the 
stored in the buffer. Subsequent bytes are be stored in 20 buffcr t0 transmit. The first byte is the size, which is not 
the buffer 415, and the size byte 419 is incremented. transmitted, but the subsequent bytes are transmitted 
Thus, after each byte is read, a timer for that port is ""^ thc *** » When the interrupt is finished 
initialized to approximately twice the transmit time for transmitting all the data bytes, the front pointer for the 
a single character. This inter-character timer value is ,th transmitter is bumped by two, and the interrupt for 
adjusted if the host changes the baud rate on any chan- 25 that P° rt » . turned off - 

nel. The packet is closed, and the ith rear pointer 412 of A transmit interrupt on port 7 could occur for a few 
FIG. 4A-E is bumped by 2 when the timer counts to reason s such as, to send an ACK, NACK, or a packet to 
zero (times out), or the size equals 6, where i is the thc host : A transmit interrupt on port 7 (Host port) will 
channel number, as shown in FIG. 6E. reinitialize the keep alive timer to 10 seconds. 

After the background process sees a non-empty Rx 30 . If t . hc PR *° x is lo send a P*** t0 ** host, the first 
queue, e.g. as in FIG. 4F the buffer address at the front tunc m thc ™ terru P t » il will send an SOH. The second 
411 of the receive queue is moved to the rear 422 of thc T** m - he mtcrru P t rout ine it will get the packet ad- 
Tx-7 queue (host) 420. The front receiver pointer 41 1 or , 5 P° mtcd to bv thc fr °nt pointer 421 for the channel 
the Rx queue is bumped to the next location (which may « Z transim " er 420 as shown in FIG. 4G. The first 
or may not have any more data buffers to send), and the ^ At . r addrcss will be the channel which the 

rear 422 of the Tx_7_Que is bumped to the next free P * C 1? °™' 71,6 PR box this bvl€ ' ***** '* and 
location. This is shown in FIG. 4F. stores the addrcss of the next byte to send in TxJuff- 

In general, the transmitter is turned on for port 7 if it mn^^Z W loc * xio * for channel 7. For example, 
is not already on, if an ACK/NACK or a Keep Alive ^ \! * n UIustratcs transmitting the information for 
needs to be sent, or the queue is not empty. If the com- a a c -tv h WES obtt " lcd 35 shown « PIGS, 
mand queue is not empty, then the command parser is v I J™ 6 m ' lX wiI1 scnd thc size of thc 

executed. Transmitter interrupts turn themselves off * **? . S1ZC 10 ^ the subs «Juent data 

when the last character is sent. The background routine FT* ™~ . C suc u 2cro As Mh bvtc » sent, the Tx 
transmit, receive, and time interrupts all run asynchro^ A < ma~uu J " ,nc ; emcnt l ed ^V 0 ™ to the next byte. As 
nously to each other, 45 t&ch bvte ls sent, it is also calculated into the checksum, 

Thus, if the receive queue is not empty and the queue ^1*1 ch ^ ks l um lsth ™ ^nt when the size is zero, 
is for port 0-6 or the command queue/then the queue ttZ • a tuner is initialized to 20 

entry at the front of that queue is pushed onto lie rea^ Md the 

422 of the transmit queue 420 for port 7. The front m M SSl! T ,°f 'n^* * received > f ™< 
of the receive queue at which the Tntry was just taken £££ 4H ^Thi IT" * bum ^ b > two « »hown 
off is incremented by two as explained above L conTec v ^ u If tbe J t f lcr this pointer will be 

tion with RG. 4F. What has jusV^en deTribedTho^ by * C LEDs wU1 havc error code 

information is received from?Se1^^a bS ^"V* T" 4 All0ther 

and the buffer locations stored uT7rec«veX) queS 55 ^Mhll^ " ACK/N ACK is 
and then transferred to the Tx_7_Que to be^iE T« ^ ^ /w"^ 

ted to the host. tnmmiL As noted above the host sends data to a physical 

Packets from the host for the peripherals ((MS) or the wSl^T i J"*, ***** ■* mdica ^g 
PR box (the command cb^\)lihMM^^Z „ T ? ^5*** mt ° * partlcular ch **»*> ™* 

fashion, first with the locations stored to the 7 ^ ^ tell which ^device is on a particular channel by 

queue and then being £2£Za \ Z * m^^I SLT 8 ^ ^ * ^ rCP ° rt ^ ^ 

q Ueue * ° 8 rcspcct,vc ,x donc for devices having common connectors that can 

If the receive queue for port 7, Rx_7.Que (the host) » SSriiT foS^ ^ 

L n u°: eTtr P :r c Ule : lhC t H firSt bytC . 0f ^ bUffCr (at * SSis^^ 

S^faSlS^ i ^ W i!f rC th f CTt l y Sh0uld 65 prescnt bit ' ^ mott *> tablet, buttons boV SKnTS 

be directed. That port value is used to select the appro- spare keyboard channels have device oresem Wu ^ 

value which is pushed onto that transmit queue. If the there, but not what device it is. aeviceout 
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When the PR box sends the self-test report, one byte 
is the current configuration of the system (only those 
devices that have a device present bit). There is no 
attempt made to try to identify if there is a device on the 
spare channel, host channel, or the keyboard channel. 

A receive interrupt will occur on channels 1-4 and 6 
if a device is plugged/unplugged. If this occurs, a mes- 
sage is sent to the host. The host then interrogates that 
port to see which peripheral, if any, is present and re 



14 



" , . . - ' *. ' , *• - r- — wmi mc iui cnannei ior wrucn tne message had ended is 
cords that information n a table. It then sets baud rates 10 incremented by 2. Next, as indicated by block 543 the 
by sending a command to the ntrmhtrai anH tk*« a • > * ~ *. . . ... y D,OCK D * y> inc 



Otherwise, if it is 0, the wait for ACK/NACK and the 
transmitter 7 flag is cleared and the front pointer for the 
transmitter 7 queue is bumped as indicated by block 537. 
Next, block 539 is entered and if it is not system sun up 
the host gone error is lighted in the LEDs 52 of FIG. 2. 
After this, block 531 is again entered. As shown in FIG. 
7C, when end message 515 is encountered, as shown by 
block 541, the rear pointer for the receiver associated 
with the ith channel for which the message had ended is 



by sending a command to the peripheral and then a 
command to the PR box to set the UART baud rate for 
the port in question. Baud rates may be reset at other 
times by the host to, for example, slow down transmis- 
sion of data where excessive transmission errors are 
encountered. 

The Timer 0 interrupt contains the counters for the 
inter-character timers, counters for a port which was 
previously turned off, and the ACK/NACK counter. 
FIG. 7 is a flow diagram illustrating the Timer 0. 

As indicated by FIG. 7, the timer interrupt occurs 
approximately every 1.38 msec. Upon the occurrence of 
an interrupt, as indicated by block 501, registers are 
saved and the register banks changed. The time to the 
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next interrupt is then loaded as 1.38 msec, as indicated 25 ^ t , urned J on - ^f 011 » lun,ed ofr wbcn * too much 
by block 503. The next step is to get the base address of l2£ *?2 °* Crfl ? W ? ,tS . ?!?*■ Thc P° n » thcn 'urned 
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by block 503. The next step is to get the base address of 
the receiver timeout table of intercharacter timers. This 
table contains the same information which is contained 
in FIGS. 5 and 6 hereof, i.e. for each channel it gives the 
value for the intercharacter timing. The next block 
indicates that the process starts with i equal to 0. In 
other words, as block 507 indicates, it starts with chan- 
nel 0. A decision block 509 is entered in which, the first 
time through, a check is made to see if the timeout for 
receiver i is equal to 0. If it is not equal to 0, block 511 35 
is entered and the timeout is decremented by 1. A check 
is made again in decision block 513 to see if timeout has 
reached 0. If the answer is yes then it is the end of the 
message as indicated by block 515 and, as indicated 
above, the rear of queue i is bumped. In decision block 40 
509 if timeout is equal to 0 this means there is nothing to 
be done for this channel. If the answer in decision block 
513 is no, this means that timeout has not occurred. In 
either case, block 517 is entered and i is incremented to 
the next channel. Following this a decision block 519 is 45 
entered to see if i is equal to 7. If not, the program loops 
back by a loop 520 to decision block 509 to check time- 
out for the next channel. When channel 7 is reached, as 
indicated by a yes answer from block 519, decision 
block 521 is entered. Here a check is made to find out if 50 
the PR box is receiving on the host channel. If it is, 
according to block 521 timeout is decremented by 1. 
Then in block 523 a check is made to see if timeout is 
equal to 0. If it is, there is a timeout on the host channel 
and a number of steps are taken as indicated in block 55 
525. If timeout has not occurred, the program proceeds 
directly to block 527. As indicated therein, a check is 
then made for a timeout on a port which was turned off. 
This is done using the same series of steps just described. 

After passing through block 527, a decision block is 60 
entered to see whether or not the PR box is waiting for 
an ACK or NACK. If the answer in decision block 529 
is no, block 531 is entered immediately which indicates 
that the registers are restored and a return from the 
interrupt to the main program. If the PR box is waiting 65 
then block 533 is entered and the ACK/NACK timer is 
decremented. Next, a check is made in block 535 to see 
if the timer is at 0. If it is not, block 531 is entered. 



receive in progress flag is cleared followed by clearing 
of the receive timeout as indicated by block 545. Next, 
a check is made in decision block 547 to see if i is equal 
to the host channel. If it is, the actions taken in block 
549 arc carried out. When this done, or if the answer in 
block 547 was no, then the program returns to block 517 
of FIG. 7 A. (END-MSG is used elsewhere in the firm- 
ware also.) 

A timer is only decremented if it is non-zero. If it is 
non-zero, and transitions to zero, some action is taken. If 
an inter-character timer expires, then the rear pointer 
412 for the ith receiver is bumped by two. If a timer for 
a port which was previously off expires, then that port 
is turned on. A port is turned off when it gets too much 



offfor lOmSec. If the ACK/NACK timer expires, then 
the front pointer 421 for channel 7 transmitter is 
bumped by two, and the error for the host not respond- 
ing is placed in the LEDs 57. 

The Timer 1 interrupt contains the counter for the 
"keep alive" timer. It is decremented by 1 on each en- 
try. If it transitions to zero, a flag is set so the back- 
ground process of FIG. 3C will send a "keep alive" 
message to the host. 

The interrupt routines to receive packets from the 
host, thus, set them up in memory for the background 
process of FIG, 5C to decipher. This background pro- 
cess also sets up the process for the interrupt routines to 
send data packets to the host and the peripherals. 

PACKET DEFINITION 
As noted above, bytes received by the PR box from a 
peripheral are grouped into a packet to be sent to thc 
host. The packet definition is as follows: 



SOH I byte: 

Header 1 byte: 

Byte Counl I byte: 



Checksum 1 byte: 
Response to the above 

packet: 

ACK/NAK I byte: 



Decimal 1 

See RO. 10 

Number of menage/ 

Message/Data Text data bytes 

Message/ReporVData bytes, 

length dependent on peripheral device 

Checksum for total transmission 



6/21 



The header byte field is illustrated in FIG. 8. 
The three bit device code utilizes all available bits. 
There are device codes for the keyboard, mouse, tablet, 
dial box, button box, PR box system and two spare 
ports. The host channel is considered to be part of the 
PR box sytem, i.e. the host channel uses a DEV ID of 



Code 



Device 



000 Keyboard (DEC LK201) 

001 Mouse 
010 TsWcl 
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Code 


Device 


on 


Dial Box 


100 


Button Box 


101 


Spare Channel 


no 


Spare keyboard 


in 


PR Box including Host Channel 
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-continued tne previous transmission and respond to the re-trans- 

_ — mission as a new request. 

Illustrative diagrams are shown in FIG. 9A-C which 
respectively show host originated data; PR box origi- 
nated data and a report request by the host. 

When a self-test command is transmitted directly to a 
peripheral, i.e. as regular data, the response coming 
back will be handled the same way, i.e. as data, and the 
The reception error bit of FIG. 8 is used to indicate a Rc P*y bit will not be set and the DEV ID will be that of 
problem with the associated device identified by the peripheral device. The PR box has no special corn- 

device code. This bit will be set when the PR box sees mands to individually test individual peripherals, 
a parity, framing, or hardware overrun error on the When a device overrun error occurs, data may be 
UART associated with the device. lost. When the PR box gets an overrun error, and con- 

Reception Error Bit = logical 1 to indicate an error tinues to receive data from that device before it can 
hasoccured. 15 empty out it's queue, the receive for that device is 

The Reply bit is used to indicate to the host that the turned ofF for 10 mSec. 
PR box is responding to a request made by the host and After 10 mSec., the receive is turned on again, and 
that the report or data following is not being originated the data that comes in is placed in the queue to send to 
by the PR box or peripheral device. This bit is used for 20 the host. During the 10 mSec. that receive is ofT, data is 
a response to the commands T and R discussed below lost. 

under Self Test Command and Status Report Com- Data from a peripheral is limited by the PR box to a 
mand, respectively. maximum of six bytes per packet. If a peripheral sends 

Reply Bit = logical 1 to indicate this is a response to a out more than six consecutive data bytes without any 
previous request from the host. Used only for PR box 25 null time period between the bytes, the PR box will 
commands. make separate packets with a maximum of six data 

The Keep Alive bit is used to send null transmissions bytes. The packets from the host to the PR box do not 
to the host within a specified time (e.g. 10 seconds) if have a data limit check. However, the host should limit 
there has been no transaction in that time period. The the data size in a packet to nine data bytes for safety 
host watchdog timer is set to 10 seconds. This function- ^ The PR box can safely store up to 256 packets of nine 
ality tells the host that the PR box is still connected but data bytes, and warn the host on a queue overflow 
has no data to transmit. The host resets its watchdog condition. If the host sends larger packets, it should 
timer and starts the cycle again. send them less frequently, i.e. 128 £s of 1 8 Sat! 

Keep Alive— logical 1 to indicate keep alive function bytes, etc., with a bigger time gap between packets. 
0I tL rw,™ nu u. • j • . 35 As explained above, packeting of data from devices is 

Hie Device Change bit is set to indicate that a device handled by timers. When the PR box "sees" a "null" 

Ztc6 Sto^PrIJT^ ~ nn t Cted/disco "' toe to two times the character length of a 

nec ed to/from the PR box. When this bit is set, the peripheral, the packet is closed off and olaced in the 

packet contains one message byte. This is the configura- queue to send tVthe host ^See l^xaE Ta£v7) 

ion byte. The conf.guration byte will have one bit set „ There is also a default for a ^^s^omx^t 

I"?? ?T that * dCViCe PrCSent Pin that iS ° f 10ffiSec ' nu,] tia * in <"<ween twoS^.££? 
P rL g '?2 thC T tCn l • If thjs timcr « NACK will be semVo the host If 

efcS^f ?^*' B,t - 1 °H ical 1 10 a device has the default speed of the host is changed & toStffl 

Th, ^ JS!!f. c • , rcvcrt t0 8 ***** P^od of two times the character 

The System Error bit is used to send error reports to 45 length. "«»cicr 

lot^^fV 1 !" u X iS XU L hcrC " 0ne data bytc in thc " As Previously described, there are also timers for the 

ttz^^jz mor code - ^ mor szsr (about 10 SEC) and ack/nack (ai 

1. 01H— Bad command sent from host. 

2. 02H— Device Queue has had an overflow. 30 COMMANDS TO THE PR BOX 
Two methods of error detection are utilized: Self-Test Command 

1. Checksum for the transmission (add with carry) T-Test PR System and send the self-test report 

u .? I*™ X lJ 0T ?°* byte * (including the configuration). ^ 

If the Keep Ahve bit is set, the Reply bit and Error bit Note; Test T will temporarily disconnect the PR Box 

are ignored by the host. The DEV ID with Keep Alive 55 from the host for less th^TLco^T 

must be the PR box device. 

THE TRANSMISSION PROTOCOL R R " A ™ "*™ T CO> f HAm 

The tr^smission protocol is as follow,: JSSgZS!* ^ 

The originating device sends its data and waits for an 60 

ACK (all OK) or a NACK (something doesn't track, CHANGE BAUD RATE COMMAND (TWO 

retransmit). Status information is a little bit different in FORMS) 

that the originating device, the host, will be expecting 0 Cnx-where 'V is the channel number (0-key. 

•oaethug other than the ASCII ACK/NAK character board .. . 7-PR-Host link), and "x» is the baud me * 

ff .T?irV Wbere ^? ,y b L' k 65 0 c »*y-w*ere • V is the (S). "x» is the baud rate 

If a NACK is received by either the PR box or the "y" is the parity (ASCII O (Hex 4F)-for odd, ASCII 
host, source device will retransmit the previous trans- E (Hex 45)-for even, or ASCII N (Hex 4E)-for 
mission. The device which sent the NACK will flush none), and "z" is the bits/char (Hex 5, 6, 7 or 8)/ 
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Note: The Paricy and Bits/char can only be changed 
on (he spare port, however, the baud rate on the spare 
channel can be changed without changing the parity 
and bits/char. The other ports can only have the baud 
rate changed. 

The following is the table of baud rates (x): 



B&ud Rate 


Hex Code 


SO 


00 


73 


01 


no 


02 


134.3 


03 


150 


04 


300 


05 


600 


06 


1200 


07 


1800 


08 


2000 


09 


2400 


OA 


3600 


0B 


4*00 


OC 


7200 


0D 


9600 


OE 


19200 


OF 



What is claimed is: 

I. In a system including a host processor, at least one 
peripheral, supporting a variable baud rate, and a pe- 
ripheral repeater having a transmitter/receiver for said 30 
peripherals, said peripheral repeater receiving messages 
in a buffer from said peripheral and retransmitting said 
messages to said host processor, and receiving messages 
in the buffer from said host processor and retransmitting 35 
said messages to said peripheral, a method of changing 
the variable baud rate of said peripheral comprising the 
steps of: 
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a) sending a message from said host processor 
through said peripheral repeater to said peripheral 
for said peripheral to set a new variable baud rate; 

b) sending a second message from said host processor 
to said peripheral repeater to change the baud rate 
of said transmitter/receiver to the new variable 
baud rate; and 

c) maintaining, in a table in said host processor, the 
new variable baud rate of said peripheral and said 
transmitter/receiver. 

2. The method according to claim 1 wherein said 
system includes a plurality of peripherals and further 
comprising maintaining the baud rates for each periph- 
eral in said table. 

3. The method according to claim 2 and further in- 
cluding: 

a) reading a device present bit to determine at said 
peripheral repeater box, when a peripheral is con- 
nected or disconnected; 

b) sending a message from said peripheral repeater to 
said host processor indicating the port at which a 
connection or disconnection has taken place; 

c) interrogating, with a first command from said host 
processor, said peripheral through said peripheral 
repeater box to determine its type; 

d) setting the baud rate for said peripheral by a sec- 
ond command from the host processor; and 

e) recording bj> said host processor said baud rate for 
the peripheral in said table. 

4. The method according to claim 3 and further in- 
cluding maintaining a default table of default baud rates 
for said plurality of peripherals in said host and setting 
the new variable baud rate to said default value upon 
connection of a new peripheral. 

5. The method according to claim 4 and further in- 
cluding interrogating all peripherals and setting their 
baud rates upon system start up. 

♦ • • * » 
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